Biliary tract cancer, carcinoma of the extrahepatic bile ducts, carcinoma of the gall bladder, ampullary carcinoma and intrahepatic cholangiocarcinoma are often identified at an advanced stage and have poor prognoses. Although effective chemotherapy regimens are needed, their development remains unsatisfactory. From the results of a phase III clinical trial (ABC-02 trial), gemcitabine plus cisplatin is the standard first-line chemotherapeutic regimen for advanced biliary tract cancer. A phase III trial of gemcitabine plus cisplatin vs. gemcitabine plus S-1 therapy (FUGA-BT) demonstrated the non-inferiority of gemcitabine plus S-1 to gemcitabine plus cisplatin. A phase III trial of gemcitabine plus cisplatin vs. gemcitabine plus cisplatin plus S-1 (MITSUBA) was conducted, and the report on the results of the final analysis is being awaited. A standard second-line chemotherapeutic regimen has not yet been established. Fluoropyrimidines are frequently used in clinical practice. Despite many clinical trials being conducted with molecular targeted agents including erlotinib, cetuximab, panitumumab, bevacizumab, sorafenib, cediranib, trametinib and vandetanib, no agent has shown to be effective for advanced biliary tract cancer. Next-generation sequencing shows great promise by allowing rapid mutational analysis of multiple genes in human cancers, and attractive driver genetic alterations have been reported in biliary tract cancer. FGFR2 fusion gene, mutations of IDH1/2, BRAF, BRCA1/2, ATM, PIK3CA and overexpression of c-MET and HER2/neu are reported relatively frequently and are interesting targets. Therefore, future development in precision medicine utilizing next-generation sequencing is expected. Although the efficacy of immune checkpoint inhibitors, such as anti-PD-1, anti-PD-L1 and anti-CTLA4 antibodies, remains unknown at present, basic data and results of ongoing clinical trials are anticipated.
Introduction
Biliary tract cancer (BTC) is often identified at an advanced stage at the time of diagnosis in patients in whom resection can no longer be performed, and even in patients with resectable disease, early postoperative recurrence is often noted. Recurrent lesions are generally multiple and disseminated, and additional surgical intervention is usually not indicated. Therefore, the prognosis of these patients is extremely poor, and although an effective chemotherapy regimen is required, its development remains unsatisfactory. The reasons for this include the fact that BTC is less sensitive to chemotherapy, there are few promising anticancer agents, occurrence of cholangitis is more likely in patients with BTC, and the limited cases in Western countries. BTC consist of tumors that arise from the epithelial cells lining the biliary tree that includes the intrahepatic bile duct, extrahepatic bile duct, gall bladder and the ampulla of Vater (Fig. 1) . According to the General Rules for Clinical and Pathological Studies on Cancer of the Biliary Tract (sixth edition, Japanese Society of Hepato-Biliary-Pancreatic Surgery) (1) , carcinoma of the extrahepatic bile ducts, carcinoma of the gall bladder and ampullary carcinoma are classified as BTC, and intrahepatic cholangiocarcinoma is classified as primary hepatic cancer. This classification system is reasonable in surgical treatment, in which anatomical characteristics are important. On the other hand, when considering systemic chemotherapies, intrahepatic cholangiocarcinoma is also often included in discussions of BTC. It would be ideal if drug development specific to each organ could be promoted; however, the number of patients is too small to develop therapies for each organ. Furthermore, drug sensitivity and complications that are likely to occur have many aspects in common compared to other primary organs. Therefore, intrahepatic cholangiocarcinoma had been included in BTC when considering systemic chemotherapies. However, in recent years, as molecular biological characteristics, genomic abnormalities and mechanism of carcinogenesis of BTC are gradually being elucidated, the unique characteristics of each primary organ have also been revealed for advanced cases, and strategies for therapeutic development are starting to emerge. Here, we introduce the evidence common to advanced BTC, recent study findings and status of treatment development by organ.
Standard chemotherapeutic regimen for advanced BTC

First-line chemotherapy
Gemcitabine plus cisplatin (GC) chemotherapy is the standard firstline chemotherapeutic regimen for advanced BTC. The results of a phase III clinical trial (ABC-02 trial) comparing the clinical outcomes between gemcitabine (GEM) monotherapy and GC revealed the superiority of GC therapy considering the overall survival (hazard ratio 0.64, 95% confidence interval, 0.52-0.80; median survival period of GEM and GC, 8.1 and 11.7 months, respectively; P < 0.001) (2) . A randomized phase II trial (BT22 trial) of GEM and GC therapy was conducted in Japan, and the 1-year survival rate, the primary endpoint, was better in the combination therapy group (31.0% in the GEM therapy group and 39.0% in the GC therapy group) (3). Although this trial was a small-scale study compared with the ABC-02 trial, the results tended to be similar to those of the ABC-02 trial, showing the beneficial effects of cisplatin. Based on these findings, the standard regimen for advanced BTC is GC therapy, for which an international consensus has been reached.
In Japan, S-1, an oral fluorinated pyrimidine drug, is cited as a promising drug that can be used to treat BTC. The efficacy of S-1 monotherapy (response rate: 35%; median survival: 9.4 months; median progression-free survival: 3.7 months) (4) and GEM + S-1 combination therapy (GS therapy; response rate: 34%; median survival: 11.6 months; median progression-free survival: 5.9 months) (5) for advanced BTC has been reported in single-arm phase II studies. A randomized phase II trial (JCOG0805) was conducted with the aim of selecting a more promising regimen between GS therapy and S-1 monotherapy (7). In this trial, it was concluded that GS therapy is a more promising regimen, as the primary endpoint of 1-year survival rate of GS therapy (52.9%) surpassed that of S-1 monotherapy (40%). Based on these results, a phase III trial to confirm the non-inferiority of GS to GC was conducted (JCOG1113, FUGA-BT, UMIN000010667, primary endpoint: overall survival). The result of this study was presented at 2018 Gastrointestinal Cancers Symposium. The non-inferiority of GS to GC in terms of overall survival was demonstrated and was considered as a new convenient option of standard of care for advanced BTC (8) .
The results of the randomized trials conducted after the ABC-02 trial are presented in Table 1 . Randomized phase II studies have mainly been performed, but chemotherapeutic regimen superior to GC therapy has not been demonstrated to date. 
Second-line chemotherapy
Phase III clinical trial currently in progress
In Japan, favorable results of a phase II study for GEM plus cisplatin plus S-1 combination therapy (GCS therapy) have also been reported (median survival: 16.2 months; 1-year survival rate: 59.9%) (9) . A phase III comparative study of GC vs. GCS therapy is ongoing (KHBO1401, MITSUBA, UMIN000014371, primary endpoint: overall survival).
The effects of capecitabine, which is an oral fluorinated pyrimidine drug, and oxaliplatin, which is a platinum agent, are also anticipated, and a phase III trial of GEM plus oxaliplatin (GEMOX) combination therapy vs. capecitabine plus oxaliplatin combination therapy is in progress in South Korea (NCT01470443, primary endpoint: progression-free survival). FOLFIRINOX (5FU plus irinotecan plus oxaliplatin combination therapy), one of the standard chemotherapeutic regimens for advanced pancreatic cancer, is also expected in BTCs, and a phase II/III trial of FOLFIRINOX vs. GC is ongoing in France (NCT02591030, primary endpoint of phase III part: overall survival).
Regarding second-line (and third-line) chemotherapy, phase III trial of active symptom control (ASC) alone vs. ASC plus FOLFOX (5FU plus oxaliplatin combination threrapy), phase II/III trials of capecitabine plus varlitinib (pan-HER inhibitor) vs. capecitabine monotherapy (NCT 03 093 870) and phase III trial of AG-120 (IDH1 inhibitor) vs. placebo for IDH1-mutated BTC (NCT02989857) are ongoing.
Development of molecular targeted agents
Previous reports
As shown in Table 1 , to date, the efficacy of erlotinib (10), cetuximab (11, 12) , panitumumab (13) (14) (15) , bevacizumab (13) , sorafenib (16) , cediranib (17) , trametinib (18) and vandetanib (19) has been evaluated in randomized trials of molecular targeted agents for BTC. They were all designed to evaluate the additional effect on cytotoxic drugs, such as GEMOX, GC therapy, 5FU or capecitabine and GEM monotherapy and were randomized phase II trials, with the exception of the study evaluating erlotinib, which was a phase III trial. At present, there are no molecular targeted agents whose effectiveness has been demonstrated for advanced BTC. Considering nonrandomized trials (Table 2) , a clinical trial on combination therapies with only molecular targeted agents and combination therapies with cytotoxic agents and molecular targeted agents is being conducted. Clinical trials with combination therapies of molecular targeted agents are primarily being evaluated in the second-line or later-line settings, and in general, overall survival, progression-free survival and treatment outcomes are inadequate.
Future directions
Precision medicine utilizing next-generation sequencing There have been many discoveries of driver mutations that have oncogene addiction in other cancer types, and there have been successive reports concerning the development and success of molecular targeted drugs, such as anaplastic lymphoma kinase (ALK) fusion gene and ALK inhibitors in lung cancer (20) , which have been garnering a high degree of interest. In addition, studies on multiplex diagnosis by next-generation sequencing (NGS) that can simultaneously detect a number of targeted driver mutations are being actively conducted, and it is anticipated that NGS will have clinical applications in the near future. Indeed, the Food and Drug Administration (FDA) has approved two tests, FoundationOne CDx (F1CDx) genomic test and MSK-IMPACT Tumor Profiling Test, to identify genetic alterations in tumors. Regarding to BTCs, although the development of epidermal growth factor receptor (EGFR) monoclonal antibodies was not succeeded in K-RAS wild-type BTC patients (46, 47) , several relevant genetic alterations were identified and promising results of small-scale clinical trials of targeted therapies for those genetic alterations were reported (Fig. 1 ).
FGFR2 fusions Fibroblast growth factor receptor 2 (FGFR2) tyrosine kinase fusions have been identified as a novel oncogenic and druggable target in a number of cancers. FGFR activity modulates distinct downstream pathways including RAS/MAPK and PI3K/AKT. Recent genomic analysis has revealed the presence of FGFR2 fusion genes in 11-14% of intrahepatic cholangiocarcinoma (21) (22) (23) . In addition, intrahepatic cholangiocarcinoma with FGFR2 fusion were associated with female predilection, younger age at onset and improved overall survival (22, 24) . The phase II trial of single agent BGJ398, an orally Alterations in the IDH1 genes are well described in intrahepatic cholangiocarcinoma, brain tumors and acute nonlymphocytic leukemias. IDH1 mutations have been reported in 7-36% of intrahepatic cholangiocarcinoma cases (23, (26) (27) (28) (29) (30) . In a recent study with AG-120, oral, selective, potent inhibitor of mutant IDH1, among the 72 efficacy evaluable IDH1 mutant intrahepatic cholangiocarcinoma patients, 6% had a confirmed partial response and 56% experienced stable disease. The progression-free survival rate at 6 months was 40%, and eight patients have been treated with AG-120 for ≥1 year (31). As mentioned above in the 'Phase III clinical trial currently in progress' section, the phase III trial of AG-120 vs. placebo for IDH1-mutated BTC (NCT02989857) is ongoing. HER2 overexpression or gene amplification Human epidermal growth factor receptor 2 (HER2) is a member of the EGFR family having tyrosine kinase activity. Dimerization of the receptor results in the autophosphorylation of tyrosine residues within the cytoplasmic domain of the receptors and initiates a variety of signaling pathways leading to cell proliferation and tumorigenesis. HER2 gene is a key driver of tumorigenesis in several solid tumors, including breast cancer, gastric cancer and colorectal cancer. Several clinical trials indicated that HER2-directed therapy is a successful investigational strategy in those cancers. HER2 overexpression or gene amplification are seen in approximately 5-25% of extrahepatic bile duct carcinomas and 16-17% of gall bladder carcinomas. Javle et al.
reported the results of retrospective study of HER2/neu-directed therapy for gall bladder cancer patients and biliary adenocarcinoma patients. In the gall bladder cancer group, HER2/neu gene amplification or overexpression was detected in eight out of nine patients.
These patients experienced disease stability (n = 3), partial response (n = 4) or complete response (n = 1) with HER2/neu-directed therapy. In the cholangiocarcinoma group, HER2/neu gene amplification or overexpression was detected in three out of five patients, and no radiological responses were seen. And they concluded that HER2/neu blockade is a promising treatment strategy for gall bladder cancer patients with gene amplification (32) . Regarding to prospective study, preliminary data of MyPathway trial, multi-basket study of several targeted therapies in solid tumors harboring relevant genetic alterations, indicated that pertuzumab plus trastuzumab has activity in HER2-amplified/overexpressed/mutated metastatic biliary tumors. In this report, 11 patients with HER2-positive biliary cancer (HER2 amplified/overexpressed, n = 8; HER2 mutated, n = 3) have been enrolled. At a median follow-up of 4.2 months, four patients had partial responses and three had stable disease for >4 months (33) .
Carcinoma of the extrahepatic bile ducts
HER2/neu overexpression → HER2 inhibitor BRCA2 mutation → Platinum, PARP inhibitor ATM mutation → Platinum, PARP inhibitor Other genomic alterlations and genomic landscape Currently known driver mutations in BTC are shown in Table 3 . In addition to the above-mentioned gene, mutations of BRAF, BRCA1/2, ATM, PIK3CA and overexpression of c-MET are interesting targets. Moreover, some characteristic gene abnormalities were identified in BTCs. FGFR2 fusion and IDH1/2 mutation are almost exclusively identified, and FGFR2 fusion and K-RAS/BRAF mutations are also exclusively identified. And FGFR2 fusion, IDH1/2 mutation, BAP1 mutation, ARID1A mutation and PBRM1 mutation are also common in intrahepatic cholangioma compared with carcinoma of the gall bladder and the extrahepatic bile duct. In contrast, HER2 overexpression is less frequent in the case of intrahepatic cholangiocarcinoma compared with carcinoma of the gall bladder and the extrahepatic bile ducts. Although not a therapeutic target at present, inactivating mutations of ELF3 has been reported mainly in ampullary carcinoma (34) (35) (36) . Thus, BTC is a cancer type that is unique for each primary organ and is a target in which attractive driver mutations are reported relatively frequently considering both variety and incidence. Strategies for future development of treatment utilizing NGS are anticipated.
Immune checkpoint inhibitors A high efficacy has been reported for immune checkpoint inhibitors, such as antiprogrammed cell death protein-1(PD-1) antibodies, antiprogrammed cell death protein ligand-1 (PD-L1) antibodies and anticytotoxic T-lymphocyte-associated antigen 4 (CTLA4) antibodies, for several cancer types, including malignant melanoma and non-small-cell lung cancer (37) (38) (39) (40) . They are also anticipated to be used for the treatment of advanced BTC, and some clinical trials are already in progress or planned. In a previous study of whole transcriptome analysis of BTC, Nakamura et al., classified BTC into four subtypes by genome profiling that correlate with prognosis (36) . Moreover, in the patient group with the poorest prognosis (subtype 4), many tumors expressed immune checkpoint-related molecules, including PD-L1, and hypermutated tumors, which are thought to be a predictor of the susceptibility to immune checkpoint inhibitors, were also significantly more common compared to the other groups. Furthermore, deficient mismatch repair (dMMR) or microsatellite instability-high (MSI-H) status used in Lynch syndrome screening may be a predictive marker for the efficacy of anti-PD-1 antibodies pembrolizumab. In this report, two cohorts of colon cancer with dMMR and cancer other than colon cancer with dMMR were examined, and approximately 70% response rate was obtained in both cohorts. Thus, there has been a focus on information concerning the dMMR or MSI-H as a genomic abnormality predicting the effects of anti-PD-1 antibody. BTC was originally known as one of the tumors associated with Lynch syndrome, and in fact in this study also, there were four cases of BTC in the 'other cancer' cohort and two of them obtained a partial response (41 
Conclusion
As previously mentioned, standard first-line chemotherapy for advanced BTC is GC therapy; however, no standard second-line chemotherapy has yet been established. Although the development of molecular targeted agents is currently unsuccessful, attractive driver mutations have been reported, and there is anticipation concerning the future development of therapies utilizing genome screening through NGS. Although the efficacy of immune checkpoint inhibitors remains unknown at present, basic data and results of ongoing clinical trials are awaited.
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